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[57] ~ ABSTRACT

An anti-locking brake system is described in which
pressure drops produced in the event of rapidly suc-
ceeding wheel retardations and wheel accelerations are
restrained. This 1s achieved by a summing circuit hav-
ing a sum {o which a numerical value is added; the sum
1s reduced according to a given function. The sum value
present in each case is a measure of how the pressure
reduction 1s to be resirained, for example, by raising

thresholds.
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1
- ANTI-LOCKING BRAKE CONTROL SYSTEM

BACKGROUND OF THE INVENTION

The invention relates to an anti-locking brake control
system of the type having wheel velocity pickups,
which provide signals to an evaluation circuit, which
provides signals to brake pressure control valves. The
evaluation circuit controls relief of pressure on the basis
of wheel retardations and accelerations occurring in
rapid succession.

When driving over rough roads a constant alterna-
tion takes place between the loading and unloading of
the wheels. When the brakes are applied, therefore, a
rapid succession of strong retardations and accelera-
tions of the wheel circumference are produced. The
electronic anti-locking brake control system therefore
produces a frequent relieving of the brake pressure.
This results in an underbraking of the vehicle.

To avoid this disadvantage it is known to suppress the
relief of the brake pressure on a wheel for a period of
time at the end of the reacceleration of this wheel.

It 1s furthermore known to trigger a rapid pressure
increase in the event of great accelerations of the wheel
circumference, which is intended to compensate for the
previous pressure relief.

A sufficient increase in the brake pressure during the
period when the wheel is reaccelerating is not possible
In most cases, since, even on smooth roadways, strong
accelerations occur which, in the event of rapid pres-
sure rises such as would be necessary on rough road
surfaces, can lead to unwanted disturbances caused by
resonance. -

Furthermore, it 1s known to determine the maximum
wheel acceleration in the reacceleration phase of the
wheel and increase the pressure relief threshold accord-
ing to the magnitude of this acceleration, as disclosed in
GB-A No. 2151732, to which U.S. Pat. No. 4,701,855 to
Fennel corresponds.

SUMMARY OF THE INVENTION

The evaluation circuit of the present invention in-
cludes a summing circuit which provides a sum indica-
tive of an instability threshold based on wheel retarda-
tion and/or slippage at which braking pressure is re-
lieved. More particularly, the invention relates to in-
creasing the instability threshold when the brakes are
frequently applied. This is accomplished by reducing
the sum 1n accordance with the given function, and
increasing it by a numerical value whenever a wheel
acceleration of a given magnitude occurs after an insta-
bility threshold is reached. The instability threshold at
any time 1s determined by the magnitude of the sum at
that time.

For example, after an instability is recognized, such as
one caused by pressure retention or reduction, if a de-
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1a is a plot of wheel velocities versus time dur-
ing braking on a rough road (period 1) and a smooth
road (period 2). |

FIG. 15 is a plot of the counter value versus time for
the conditions of FIGS. 1a.

FIG. 1c 1s a plot of brake pressure versus time for the
conditions of FIG. 1a.

FIG. 2 1s part of the evaluation circuit of an anti-lock-
ing control represented in FIG. 3.

FIG. 3 is an anti-locking control arrangement.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The count provided by the counter indicates the
amount of the increase in the criteria controlling the
detection of instability, i.e., by how much the detection
thresholds are raised. FIGS. 1a to 1¢ show an embodi-
ment in which two wheels, 1 and 2,
counter. In these figures the counter changes during
braking on a rough road (period 1) and then during
braking on a smooth road (period 2). By considering the
state of the counter in determining instabilities, in-
stances of erroneous pressure relief are reduced. On
smooth roads, however, an instability is recognized
early, and the pressure release is started in a timely

. manner. FIG. 1a shows the curves of the wheel veloci-

ties, FI1G. 16 the curve of the counter value, and FIG.
1c the braking pressure at wheel 1. It can be seen that a

very much greater wheel retardation and greater wheel

- slippage is required to produce a pressure release in
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cided reacceleration of a wheel takes place, a down

counter is increased by a certain amount. In particular,
this counter can be common to several or all wheels of
a vehicle and can be increased by all wheels which are
affected by this counter. The counter continually
counts down according to a given function. In the sim-
plest case the countdown is linear. The countdown can
also be blocked under certain conditions.

It 1s also possible to provide a separate counter for
each wheel. However, then the complexity mcreases
and effectiveness suffers.

60

period 1 than in period 2.

The amount by which the value in the counter is
increased can be fixedly predetermined, or can depend
on various factors such as wheel retardation. Further-
more, the counter can be counted down toward zero
according to various functions.

When the brakes are very frequently applied, as on
rough stretches on road, the instability threshold is very
rapidly increased in accordance with the present inven-
tion. This is especially true when all wheels of a vehicle
conirol a common counter.

If, as 1in the known devices, the delay time affecting
the pressure relief were increased, the result would be
that in the event of just a single rapid alternation of
acceleration and retardation, even on smooth roadways,
the instability would be detected very late and the
wheel in question would consequently have very high
slippage.

FIG. 21is a cu‘cult diagram. In FIG. 2, signal Vg
corresponding to wheel acceleration is fed to a thresh-
old circuit 3, and signals corresponding to the wheel
velocity Vg; and the vehicle velocity Ve are fed to a
comparator 4. Threshold circuit 5 is connected to the
output of comparator 4. These threshold circuits 3 and
5, after a certain deceleration or a certain degree of
slippage has been exceeded, respectively, produce sig-
-nal —b and signal A, respectively. The thresholds of the
threshold circuits 3 and § are variable and are varied on
the basis of the value provided by a summing circuit in
the form of down counter 6. A circuit 7 adds a numeri-
cal value to the count of counter 6 after a certain wheel

~acceleration (+b) is reached. The down counter 6 con-
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tinually counts down in response to a pulsed signal
provided via line 8. In special situations, e.g., when
several wheels slip at the same time, the pulsed signal on
line 8 can be temporarily blocked by means of an AND

increase the
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gate 10. When the numerical value provided by circuit
7 1s be dependent upon vehicle retardation Vg, a corre-
sponding signal is fed to circuit 7. The OR gate 9 illus-
trates a way in which counter 6 can be increased by the
+b signals from several wheels (+bi, +b2). Also, in-
stead of the thresholds provided by threshold circuits 3
and 5, one variable 1nstability criterion can also be used
which triggers the actuation of the brake valves, in this
case a common, quasi-analog evaluation of slippage and
circumferential wheel acceleration is done. In this vari-
ant, only one threshold is present to which, after the
addition of the weighted values of slip and deceleration,

10

a sum value 1s fed. Note that the terms retardation and

deceleration as used herein are synonymous.

The circuit shown in FIG. 2 is part of the evaluation
circuit of an anti-locking control as represented sche-
matically in FIG. 3. An evaluation circuit 22, which
contains only two control channels 1n this exampile, is
fed the signals from wheel velocity pickups 20 and 21,
which produce brake pressure control signals for valves
23 and 24, based on these signals.

We claim:

1. An anti-locking brake control system of the type
comprising wheel velocity pickups, an evaluation cir-
cuit, and brake pressure control valves, said pickups
providing signals to said evaluation circuit which deter-
mines therefrom the wheel retardation, wheel slippage,
and wheel acceleration, said evaluation circuit provid-
ing signals to the brake pressure control valves to re-
lieve pressure when an instability threshold based on at
least one of wheel retardation and wheel slippage is
reached, said evaluation circuit comprising

a summing circuit which provides a sum indicative of

said instability threshold at which braking pressure
1s relieved,

means for reducing the sum in accordance with a
given function,

means for increasing said sum by a numerical value
whenever a wheel acceleration of a given magni-
tude occurs after an instability threshold is reached,
the instability threshold at any time being deter-
mined by the magnitude of the sum at that time.

2. The anti-locking brake control system according to

claim 1 wherein the summing circuit is a down counter
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whose count is increased by said numerical values and
which counts down in accordance with said function.

3. The anti-locking brake control system according to
claim 1 wherein said numerical values are constant.

4. Anti-locking brake control system according to
claim 1 wherein said numerical values are variable.

5. Anti-locking brake control system as in claim 4
wherein said evaluation circuit determines the vehicle
deceleration, said numerical value depending on said
vehicle deceleration. |

6. Anti-locking brake control system according to
claim 1 wherein said sum is reduced linearly.

7. Anti-locking brake control system according to
claim 6, wherein in given situations the linear reduction
is interrupted by steady holding phases.

8. Anti-locking brake control system as in claim 7
wherein the linear reduction is interrupted by steady
holding pulses, when a plurality of wheels reach a given
slippage.

9. Anti-locking brake control system according to
claim 1 wherein said sum value is increased by accelera-
tions of a plurality of wheels.

10. Anti-locking brake control system as in claim 1
wherein said summing circuit determines the sum indic-
ative of an instability threshold based upon a weighted
signal of the wheel retardation and the wheel slippage.

11. Anti-locking brake control system as in claim 1
wherein said summing circuit determines the sum indic-
ative of an instability threshold based upon either the
wheel retardation or the wheel slippage.

12. Anti-locking brake control system as in claim 1
wherein the evaluation circuit comprises a retardation
threshold circuit which determines the amount of wheel
retardation which will result in the brake pressure being
relieved, and a slippage threshold circuit which deter-
mines the amount of wheel slippage which will result in
the brake pressure being relieved, the threshold being
determined depending upon the sum provided by the
summing circuit. -

13. Anti-locking brake control system as in claim 12
wherein the evaluation circuit further comprises a com-
parator which receives signals corresponding to the
wheel velocity and vehicle velocity, said comparator

being connected to said slippage threshold circuit.
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